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INTRODUCTION 
In the past twenty years many new chemicals have been 
developed for the control of Insects. Investigations con­
cerning the metabolism and mode of action of these new in­
secticides have not kept pace with their introduction. As a 
result, many aspects of the metabolism and mode of action of 
modern insecticides are only partly known or understood. 
The present study is concerned with the metabolism of 
aldrin and dleldrin In the American cockroach, Perlplaneta 
americana (L.). It is known that aldrin is converted to its 
epoxide, dleldrin, in plants and animals. However, the 
mechanism and locus of this epoxid at ion in the organism are 
unknown. Another chemically related insecticide, heptachlor, 
is known to undergo epoxidation in the living organism. Thus, 
epoxidation is a type of irisecticidal metabolic reaction un­
known prior to the production of heptachlor and aldrin. The 
epoxides of heptachlor and aldrin are about 1.5 times more 
toxic than the parent insecticide. 
The first series of experiments presented are concerned 
with the in vivo conversion of aldrin to dleldrin or other 
major metabolic products. To a lesser extent, in vitro 
studies were made concerning the effect of selected metabolic 
cofactors, with and without tissues, upon aldrin metabolism. 
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REVIEW OF LITERATURE 
Aldrin, dleldrin, isodrln, endrln and heptachlor are 
representatives of a group of cyclodlene Insecticides con­
taining highly chlorinated, methylene bridged rings. These 
chemicals are produced by the Dlels-Alder reaction which con­
sists of the addition of compounds containing double or triple 
bonds to the 1,^-positions of conjugated dlene systems with 
the subsequent formation of six-membered hydro-aromatic 
rings. 
The steps involved in the formation of aldrin and 
dleldrin are as follows. Cyclopentadlene is reacted with 
sodium hypochlorite to give hexachlorocyclopentadiene (I). 
Acetylene and cyclopentadlene are combined in the Dlels-Alder 
reaction to yield bicyclo-2, 5-heptadiene (II). Products (I) 
and (II) are then combined in the Dlels-Alder reaction to 
yield aldrin1(III). 
CP 
C? 
C 
c? 
c?, 
67-f/ 
^Common name for l,2,3,^,10,10-hexachloro-l,^,^a,5,8,8a-
hexahydro-1,4,£ » 8-dime thanonaphthalene. 
Dieldrin^(IV), the epoxide of aldrin, is produced from aldrin 
f/ * 
CI-C7 
per - crc? c/ 
m H 
by the action of per-acids such as peroxyacetic or peroxy-
benzoic acid. Isodrin and endrin are the endo-endo stereo­
isomers of aldrin and dleldrin (Figure l). It is worth noting 
that aldrin and dleldrin are named In honor of the chemists 
who devised the well-known reaction used in their synethesis. 
Davidow and Radomaki (1953a), while studying the metab­
olism of heptachlor3(V) in dogs, discovered a metabolite which 
was subsequently designated heptachlor epoxide^-(VI). This 
31 3£T 
metabolite was extracted from animal fat by counter cur rent 
distribution and isolated by adsorption chromatography. 
^Common name for l,2,3,k,10,10-hexachloro-6,7-epoxy-l, 
I4. ,ij.a, 5,8,8a-hexahydro-l ,4,5 # 8-dlmethanonaphthalene. 
^Common name for 1 or 3a,^,5,6,7,8,8-heptachloro-3a,U, 
7,7 a-tetrahydro-4,7-methanoindene. 
^•Common name for l,lj.,5,6,7,8,8-heptachloro-2,3-epoxy-2, 
3,3a, 1|., 7, 7a-hexahydro-4,7-me thanoindene. 
Figure 1. Stereoisomerism of aldrin and isodrin; dleldrin 
and endrln 
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Identification of the metabolite was confirmed by analysis of 
its infrared spectrum. It was also demonstrated by the forma­
tion of the bromohydrin in the presence of bromic acid, and 
the reformation of heptachlor epoxide, from the bromohydrin, 
in the presence of potassium hydroxide. Epoxidation of these 
chlorinated hydrocarbon insecticides was unknown prior to the 
discovery by these authors. Investigations disclosed that the 
epoxide was found primarily in the fatty tissues (Radomski and 
Davidow, 1953)• Ely et al. (1955) detected heptachlor epoxide 
in the milk of cows fed daily doses of heptachlor at levels of 
more than 1.6 milligrams (mg.) per kilogram (kg.) of body 
weight. It has been shown that house flies also convert 
heptachlor to its epoxide (Perry et al., 195%). 
Several recent investigations have disclosed that aldrin 
behaves like heptachlor. It is generally believed that the 
metabolism of aldrin and heptachlor in animals and plants is 
similar since each insecticide is converted to its epoxide 
under suitable conditions. Gannon and Decker (1958a, 1958b) 
found that the epoxides of heptachlor and aldrin were formed 
in alfalfa, soybeans, and corn. Gannon and Bigger (1958) re­
ported that both aldrin and heptachlor were converted to their 
respective epoxides in soil# 
Bann e_t al. (1958) wrote that aldrin was changed to 
dleldrin in a variety of animals and stored in the fat as 
such. They concluded that the reaction took place readily 
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and that conversion was independent of whether or not aldrin 
was applied as an oral or cutaneous treatment. Gannon et al» 
(1959) detected residues of aldrin, dleldrin, and heptachlor 
in the milk of cows fed daily rations of these insecticides. 
Aldrin was excreted more readily, as dleldrin, than either 
dleldrin or heptachlor. Propensity for storage in the fat 
followed the same order. 
Giannotti et al. (1956) reported that aldrin metabolism 
in the American cockroach resulted in the formation of 
dleldrin. They also concluded that aldrin and dleldrin acted 
on the central rather than the peripheral nervous system. 
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ALDRIN METABOLISM IN THE COCKROACH 
Materials end Methods 
Both non-radioactive and radioactive chemicals were used 
in these studies. The non-radioactive chemicals were KC1, 
NaCI, CaClg, choline chloride, acetyl choline-@-methy1 
chloride, aldrin^, isodrin^, dleldrin^, endrln^ and dleldrin 
ketone^. The chloride salts listed were selected to give a 
good spread In molecular weights for Rf determinations on 
paper chromatography. The Rf^ values for all of the above 
chemicals were determined for comparison with the Rf values 
obtained for each of the aldrin metabolites. Non-radioactive 
aldrin was injected into adult roaches to determine a suitable 
aldrin dosage for the in vivo metabolic study. Dleldrin ke­
tone was checked as a suspected metabolite of aldrin. The 
formula of this compound will be shown later in the thesis. 
The radioactive materials^, carbon-lij. and chlorine-36 
labelled aldrin and dleldrin, were used to confirm the Rf 
values for aldrin and dleldrin both during elaboration of the 
chromatography method, and on sets of chromatograms containing 
the radioactive aldrin metabolites found In the roach extracts, 
5Supplied by Shell Chemical Company, 110 West j?lst 
Street, New York 20, N. Y. 
&Rf value = distance travelled by the material divided 
by distance travelled by solvent front. 
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Radioactive aldrin vas used in the investigation of the 
metabolism of aldrin, in vivo. The use of radioactive in­
secticides, in conjunction with paper chromatography and 
radiotracer equipment, greatly aided in the detection of 
aldrin and its metabolites. 
Evaluation of insecticides 
The chlorine-36 labelled insecticides were received as 
crystals; the carbon-l^. compounds were received as benzene 
solutions. Shell Chemical Company stated that the chlorine-36 
labelled aldrin and dleldrin were 98-99$ pure ; and that the 
carbon-14 labelled insecticides contained 92# aldrin, or 91$ 
dleldrin. Shell Chemical also reported that the preparation 
of dleldrin-C^" resulted in a product that did not contain 
any aldrin-cl4. These insecticides were randomly labelled 
during synthesis. No information was given concerning the 
impurities present in the chlorine-36 chemicals. Four un­
identified impurities were reported as being present in the 
carbon-14 insecticides* 
The reverse phase (aqueous) chromatography system of 
Mitchell (1958), with modifications as described herein under 
"Paper chromatography methods", was used to check the data 
reported above. For these studies 0.05 M standard solutions 
of aldrin or dleldrin in absolute ethanol were used. 
The first successful chromatogram of an aldrin-Cl36 
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solution was accomplished after the solution had been mixed 
for about 3 weeks. In later experiments, after that standard 
solution had been expended, freshly prepared chlorine-36 
aldrin and dleldrin standard solutions were chromatographed. 
The amounts of tho impurities in the first and second set of 
standard solutions did not agree. Therefore, the purities 
of freshly prepared and "old" solutions of chlorine-36 aldrin 
and dleldrin were compared. No carbon-llj. solutions were 
checked for chemical changes. It was assumed that any shift 
in impurity concentrations that may have taken place as a 
result of the carbon-llj. insecticides being in solution for 
some time would already have occurred. Each carbon-llj. solu­
tion was prepared by evaporating the benzene solution to dry­
ness, and then reconstituting the residue in absolute ethanol. 
One set of chlorine-36 solutions, which were used for 
this comparison, had been prepared 4 weeks earlier (old 
solution); and another set of chlorine-36 labelled aldrin or 
dieldri~ was prepared just prior to spotting the chromâtograms 
with the solutions. Carbon-llj, aldrin or dleldrin were also 
prepared just prior to spotting the chromatcgrams for this 
evaluation study. About 2 microliters Ç*l#) of a 0.05 M 
solution were placed on the base line of a chromatogram; the 
chromatogram was developed; and a recording made of the 
radioactive areas on the chromatogram. The relative amount 
of each radioactive material in each solution was computed 
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from the area represented by each peak of radioactivity on the 
recording. Areas were measured with a planimeter as described 
later. 
The data obtained represented the average of if chromato-
grams for each aldrin or dleldrin solution. Impurities in 
the solutions were labelled I, II, III, and K as shown in 
Figure 11* Both chlorine-36 and carbcai-llj. aldrin contained 
some dleldrin as an impurity. There was no aldrin detected 
in the dieldrln-C1^. Dieldrin-Gl36 contained some aldrin-
01^6 as an impuritye Inclusion of a chromatogram of standard 
aldrin solutions each time chromatograms of roach extracts 
were developed showed that the relative amounts of the im­
purities remained constant after a solution had been prepared 
for 4 weeks or longer. These data will be discussed further 
under results. 
The radioactivity of aldrin and dleldrin was determined 
by assaying a 2^1. sample of 0.05 M ethanolic solution of 
radioactive aldrin or dleldrin (equivalent to about 18>tg. 
insecticide) spotted on an aluminum planchet. Assaying 
equipment consisted of an ultra-thin window, gas flow counter? 
and a scaler®. Chlorine-36 labelled aldrin and dleldrin had 
?Model D-I4.7, Micro-mil window, Nuclear-Chicago gas flow 
counter, Nuclear-Chicago Corp., Des Plaines, 111. 
®Model 2105 Berkeley Decimal Scaler, Beckman Instr., 
Richmond, Calif. 
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an average activity of approximately 70 counts per minute 
(cpm. ) per microgram Ç«g.) of material. The carbon-llj. 
labelled materials had an average activity of about 11,000 
cpm.y^g. These data were obtained from 2 separate solution 
preparations for each Insecticide. 
The higjb activity of the carbon-llj. insecticides permitted 
the use of small quantities of these materials, approximately 
equal to normal insecticidal doses, for the In vivo metabolism 
studies. The lower activity of the chlorlne-36 Insecticides 
required about l5x as much insecticide to permit radiometric 
detection of the aldrin metabolites. Parallel experiments 
with equal amounts of carbon-llj. and chlorine-36 radioactivity, 
at the higher dosage of insecticide required for the chlorine-
36 materials in the metabolic Investigations, necessitated 
the preparation of a "fortified" aldrin-C-^- solution. The 
fortified 0.05 M aldrin solution was prepared by mixing non­
radioactive aldrin (99.5% pure) and aldrln-cW in a ratio to 
make the radioactivity per unit volume about equivalent to 
that of the 0.05 M aldrin-Cl36 solution. 
Infrared spectra of aldrin, dleldrin, isodrin, endrln, 
and dleldrin ketone in CSg solutions were recorded, on a Model 
21 Perkin-Elmer spectrophotometer with NaCl optics, for 
comparison with infrared spectra of aldrin roach extract 
metabolites. A metabolite was isolated for infrared analysis 
by extracting, with hexane, sections of chromatography strips 
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known to contain the metabolite. The hexane extract was 
evaporated to dryness, and an infrared spectrum of the 
metabolite residue, in a Nujol mull, recorded, Infrared 
spectra for metabolite K, aldrin and dleldrin (all from 
roach extracts) were obtained in this manner. 
Roach treatment 
The experiments described in this section were designed 
to obtain data on the rate of conversion of aldrin to dleldrin 
and other aldrin metabolites, in vivo; and to investigate the 
possible effect of selected nucleotides and an enzyme on the 
epoxidation of aldrin, in vitro. 
Before proceeding with the in vivo experiments, an 
estimate of the median lethal dose (MLD) of aldrin, after an 
interval of about 8 hours, was desired. The 8-hour interval 
was chosen so that rate of conversion data could be obtained 
from roaches treated and extracted on the same day. Ten adult 
female roaches were treated at each of lj. dosage levels -
2, 4» 6, or 8/x-l. of 0.05 M aldrin in absolute ethanol (9.15 
/xg. aldrin per^l.) - and an additional 10 roaches in each 
experiment were injected with 8 /tl. of absolute ethanol only 
for the control. All roaches were injected with the insecti­
cide, or ethanol, through the fifth ventral intersegmental 
abdominal membrane. At intervals after treatment the number 
of moribund roaches was noted. A roach was considered 
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moribund when it could no longer maintain its normal stance. 
None of the control roaches became moribund or died in the 
Interval covered by the experiments. After about 8 hours, 
approximately half of the roaches were moribund in the groups 
injected with 1|./<.1. of 0.05 M aldrin (about 36y-g. aldrin). 
A duplicate experiment confirmed these data. 
Topical application of aldrin to adult roaches, under the 
wings and dors ally at the base of the abdomen, corresponding 
to those levels used in the injection experiments, gave only 
about 1% moribundity 16 hours after treatment. Therefore, the 
injection method of treatment was selected for use in the 
metabolic studies instead of topical application; because a 
faster reaction was noted, and there was less chance of the 
roaches losing some of the applied dose. The latter consider­
ation was important. Perry (I960), in discussing the metab­
olism of insecticides by various insect species, stated that 
topical application of nldrln to house files resulted in a 
30-l|0$ loss of the total applied radioactivity as a result 
of volatilization of the aldrin, Coring the course of the 
present investigation, it was also observed that aldrin was 
lost quite readily by volatilization; dleldrin evaporated more 
slowly. For example, about Q0% of the radioactive aldrin was 
lost in 24 hours by evaporation from an aluminum surface at 
room temperature. During this same time interval, only 3-5$ 
of the radioactive dleldrin was lost. The high loss of aldrin 
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through evaporation was surprising in view of its reportedly 
low vapor pressure of 6x10 ram. Hg. at 77° F. (dleldrin = 
1.8x10-7 mm. Hg, at 77° F.) (Shell Handbook, 1958). 
The in vivo investigations Involved Identical experiments 
with 0.05 M aldrin-Cl36 (Test A), 0.05 M fortified aldrln-cM 
(Test B), and 0.01 M aldrin-0^4- (Test C) solutions. The 
latter solution was prepared by diluting a 0.05 M standard 
aldrin solution 1:5 by volume. All three solutions had been 
prepared several weeks before use. Adult female American 
roaches were used throughout the metabolism studies. 
Test A Three groups of 10 roaches were injected with 
3/<l. of 0.05 M aldrin-Cl36 (about 31 .Ag* aldrin) per roach; 
a fourth group of 10 roaches was injected with 3/<1. of abso­
lute ethanol for the control. The 3/<1. was an amount de­
livered by an automatic micropipette (Hamilton and Dahm, I960) 
for a given time interval with a given syringe. At 2.5 hours 
after treatment one group of roaches was extracted, at 5 hours 
the second group was extracted, and at 7*5 hours the third 
group was extracted in a blendor (see "Extraction methods"). 
The control group was also extracted at 7.5 hours, and 15/<1. 
each of 0.05 M chlorine-36 standard aldrin and dleldrin 
solution were added to the extract. From this point on, the 
treated roaches and the control were processed in the same 
manner. The total hexane extract from 10 roaches was evap­
orated to dryness under a gentle air stream, and the residue 
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reconstituted in acetone for purification by low temperature 
precipitation as described later» This test was replicated 
three times. 
Test B The roaches in this test were injected with 
3/tl, of 0,05 M fortified aldrln-C^. The experimental 
procedures described in Test A were adhered to, but only two 
replicates were run. 
Test C The roaches in this test were injected with 
3/tl. of 0.01 M aldrin-C^U (about 2/eg. ). This lower dosage 
of aldrin was used to ascertain any difference in metabolism 
in the roach as compared with the higher dosages used in 
Tests A and B. The experimental procedures followed in 
Test A, with three replicates, were repeated. 
The number of potential enzyme systems and metabolic 
cofactors are relatively numerous, and an examination of all 
possible combinations of such enzyme systems and metabolic 
cofactors in an in vitro system would become an unwieldy 
problem. Therefore, only those materials that were believed 
to be involved in hydrogen peroxide-peroxidase, oxidation-
reduction systems (such as the examples in Figures 2 and 3) 
were tested against the conversion of aldrin. These peroxi­
dase systems were of special interest because, in the or­
ganism, EgOg is the oxidative agent most nearly approaching 
the per-acids in action. The nucleotides^ used in the 
9Purchased from Sigma Chemical Co., St. Louis 18, Mo. 
Figure 2. Hypothetical epoxidation system (From Eg02 
to glucose-6-phosphate cycle after Fruton 
& Siramonds, 1958) 
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R
-C-H 
R,/C^H 
PEROXIDASE 
FMN 
S 
R'/C^H 
FMNK 
TPNH+H+ TPN+ 
6 - PHOSPHO-GLUCONO GLUC0SE-6-PH0SPHATE 
-LACTONE 
Figure 3. Possible source of Eg02 from fatty acid 
metabolism (after Fruton & Simmonds, 1958) 
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present in vitro incubations ware approximately 2,5 x 10""3 M 
in DPST^, DPNH, TPN^, TPNH, FMN, and FAD, The enzyme9 solution 
contained 4/*g./ml, peroxidase (horseradish). All solutions 
used in these experiments were prepared with glass-distilled 
water. 
One-ounce, French square bottles were used to hold the 
incubation mixtures. To each bottle was added 3 ml. of 
physiological saline (Yeager, 1939), 0.5 ml. of 5 x 10-3 M 
nicotinamide, 0.2 ml. of 7.5 x 10"^ M MgClg, and 0.2 or 0,5 
ml. of each additional cofactor being screened (Table 1), If 
any material was omitted, enough glass-distilled water was 
added so that the finished concentration of the saline was 
the same in every bottle. The stock solution of physiological 
saline was prepared in a concentrated form so that the ap­
proximately correct concentration was reached after dilution 
of the saline with other water solutions. A standard aldrin 
solution, in saline, was incubated with each set of mixtures. 
Two whole, adult female roach digestive tracts, with 
fat bodies and Malphigian tubules attached, were added to each 
incubation mixture. These tissues were' removed through the 
posterior end of the opened abdomen with a pair of stout 
tweezers, in toto. Finally, 5/<1. of 0.05 M standard aldrin 
solution was pipetted into each mixture. The completed mix­
tures were aerobically shaken at room temperature for about 
4 hours. 
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Table 1* Combinations of enzymes and cofactors added to 
incubation bottles for In vitro experiments. 
Incubation bottles contained 2 entire digestive 
tracts with attached fat bodies and Malphigian 
tubule s, 3 ml. concentrated physiological saline 
(see text), 0.5 ml. of 5xlO™3 M nicotinamide, and 
0.2 ml. of 7.5x10-2 m MgClg 
Materials added 
1 + 2 + Distilled H20 
Peroxidase DPN* 
DPN* only 0.5 ml. 
Peroxidase only — 0.5 ml. 
PAD* DPN* 
PAD only* -- 0.8 ml. 
FMN TPNH 
TPNH only 0.5 ml. 
FMN only — 0.5 ml. 
-— 0.8 ml. 
*0.2 ml. of material added. All other materials, 0.5 ml. 
added. 
After incubation, the mixtures were extracted 5 times 
with hexane as described below. All of the hexane extracts 
from one sample were combined, evaporated to dryness, re­
constituted in acetone, freeze-filtered, and the resulting 
filtrate evaporated to dryness. Acetone was added to the 
latter extract residue preparatory to spotting samples on 
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chromatograms. The in vivo extract residues were also pre­
pared in a similar way. 
Extraction methods 
Before the in vivo and in vitro studies could be 
initiated, a suitable means of extracting the radioactive 
insecticides and metabolites from the treated roaches, and 
then purifying the extract, had to be devised. Complete 
extraction of the radioactive materials was desirable to 
assure detection of all metabolites. Purification of the 
extracts was required for good separation of the metabolites 
in paper chromatography. 
Colorimetric grade pentane3-®, practical grade hexane*!, 
practical grade ace tonit rile*-*-, glass-distilled acetone, and 
glass-distilled ethylene dichloride were screened as solvents 
for extracting radioactive materials from tissues of the 
American roach. Hexane gave the highest removal of radio­
activity (70$ or more in these particular screening tests) 
and was selected as the extraction solvent. 
Two methods of extracting radioactive materials were 
tested. The roaches for this experiment were injected with 
3yul. of 0.05> M (about 31 /*g« aldrin) standard aldrin-Cl-^ 
or 0.05 M fortified aldrin-C^- solution approximately 5 hours 
^Phillips Petroleum Company, Bartlesville, Oklahoma. 
UMatheson, Coleman, and Bell, East Rutherford, New 
Jersey. 
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before extraction was begun. The roaches were treated in 
groups of 10 for trial extractions, with all groups of 10 
handled in the same manner prior to extraction. 
Homogenizatlon of the whole roaches in a Waring 
blendor-^, using a modification of a procedure described by 
Stemburg and Kearns (1952), gave a quick and complete re­
covery of the radioactive materials. A thin mica end-window 
Geiger tube^-3 and a ratemeter^-U were used to estimate the 
efficiency of recovery by monitoring the homogeni zed roach 
remains after extraction of the radioactive materials. No 
radioactivity above background was noted. More complete re­
covery data were obtained by averaging the radioactivity on 5 
planchets treated with 3/*l. of 0.05 M standard aldrin-Cl3& 
or 0.05 M fortified aldrin-Cl^ solution and comparing this 
with the average radioactivity on 3 planchets spotted with 
known volumes of the roach extract. More than 9t\.% of the 
radioactivity was extracted (data from 2 tests = 2-Cl3& and 
2-C^U solutions). 
It took about 10 minutes to extract each lot of treated 
roaches. Ten treated roaches (a test lot) were dumped into 
l2Model PB-5, Waring Products Corporation, New York, N.Y. 
l^Model D-34» 3-5 mg./cm.2 mica window, Nuclear-Chicago 
Corp., Des Plaines, Illinois. 
•^Model 1620, Nuclear-Chicago Corporation, Des Plaines, 
Illinois. 
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75 ml» of hexan© already poured into the blendor jar. To this 
mixture about 100 grams (gm.) of anhydrous sodium sulphate 
were added. The contents of the jar were homogenized at high 
speed for 5 minutes, the solids allowed to settle, and the 
liquid filtered through Whatman No. 1 filter paper. The solid 
residue remaining in the jar was extracted twice more by 
blending with 50 ml, portions of hexane for about 30 seconds. 
After the solids had settled, the liquid was decanted and 
filtered for each additional 50 ml. extraction. About 25 ml, 
hexane was used to rinse the filter paper. The combined 
filtered hexane extracts thus obtained were evaporated to 
dryness under a gentle air stream leaving only the radioactive 
roach extract residue. This residue was later reconstituted 
in acetone for purification. 
Soxhlet extraction of the roaches, with extraction 
Intervals of 2 to 12 hours, did not prove satisfactory for 
removing the radioactive materials from the roach tissues. 
Even after 12 hours extraction, radioactivity of about 20 
cpm. or more above background was detected using the monitor­
ing equipment described above. 
At the end of the incubation period, the in vitro roach 
tissue incubation mixtures (volume about l|.2 ml.) were 
quantitatively washed into 12 ml. centrifuge tubes with 5 ml. 
of hexane. This mixture was shaken, centrifuged for 2 minutes 
at 2500 x gravity, and the hexane portion removed with a 
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pipette. Centrlfligation sharpened the boundary between the 
two solvent systems by breaking any emulsion that had formed, 
thereby permitting cleaner separation of the two phases. The 
aqueous portion remaining after the fl rst partitioning was 
extracted five more times with hexane in this manner. All 
hexane extracts from one incubation sample were combined, 
and the hexane evaporated under a gentle air stream to leave 
only the radioactive roach extract residue. 
Hexane not only extracts the insecticides and their 
metabolites, but it also extracts some of the tissue con­
stituents which interfere with paper chromatography. The 
worst of these interfering agents appear to be oily sub­
stances, and roaches are especially rich in such materials. 
The radioactive roach extract residue obtained from the 
blendor extraction method appeared to consist principally of 
an oily liquid. 
Anglin and McKinley (i960) described a method of removing 
most waxes, fats, and oils from plant extracts by low tempera­
ture precipitation. A temperature of approximately -70° C. 
was attained by adding dry ice to acetone. This method, with 
modifications, was successfully used to purify the roach 
extracts obtained in the in vivo aldrin metabolism studies. 
Two short and 2 tall wide-mouth pint vacuum bottles were 
used to hold the refrigerant (Figure 1^.). The refrigerant was 
prepared by slowly adding previously chilled acetone (about 
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Figure 4» Equipment used for low temperature purification 
of roach extracts 
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-15° C. from deep freezer) to crushed dry ice until each 
vacuum bottle was filled to approximately the half-way mark 
with the dry ice and acetone mixture. The roach extracts 
(prepared as described earlier) were diluted to about 20 ml, 
with acetone to prevent solidification at -70° C. Test tubes 
containing these diluted roach extracts were inserted into 
the shorter vacuum bottles, through a rubber stopper, far 
enough to immerse the contents of each test tube in the re­
frigerant (Figure 4). 
The taller vacuum bottles were used to hold large test 
tubes (about 80 ml. volume) containing only glass-distilled 
acetone at -70° C. This acetone was used for rinsing both 
the small test tubes which had contained the roach extract 
and the "cake" left in the Buchner funnel-^ after the re­
frigerated roach extract had been freeze-filtered. The small 
test tubes were rinsed 3 times with about 5 ml. of the re­
frigerated acetone for each rinse; the cake was rinsed once 
with a similar quantity of refrigerated acetone. 
M 
A dozen Buchner funnels were cooled on dry ice in the 
deep freezer so that a clean, cold funnel could be used to 
filter each sample. Vacuum was applied (approximately 25 
inches Eg.) to the filtering system (Figure 5) with a rotor-
l^Medium porosity fritted glass disks, 30 mm. Buchner 
funnels. 
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Figure 5. Vacuum pymp and filtering flask arrangement 
with a Buchner funnel in place 
30 
type, vacuum pressure pump^. The side-ana flask placed be­
tween the pump and the filtering flask served to reduce the 
chance of any radioactive materials contaminating the pump. 
A test tube placed in the filtering flask received the 
filtrate as it passed through the Buchner funnel. The 
stopper on the filtering flask was loosely fitted to permit 
easy removal of the stopper from the flask, and easy removal 
of the funnel from the stopper after each filtration had been 
completed. The filtrate frem each sample was evaporated to 
dryness, and later reconstituted with 200/tl. of glass-
distilled acetone preparatory to spotting a sample on a 
chromatograra, About 3 minutes were required to filter each 
roach extract sample. 
Several less successful methods for purification of the 
roach extracts were tested. First, saponification of the 
roach extracts with 2%% ethanolic KOH (w/v) failed to elimi­
nate the oily substances in the roach extract- that caused 
interference with development of the paper chromatograms. 
Apparently the oily materials In the extracts were not 
triglycerides. It is known that insects contain appreciable 
amounts of long-chain unsaturated fatty acids. 
Second, the column chromatography systems of Roberts and 
Green (194-6) (MgO-Celite), Wilkes ( 1946) (MgO-Hyflo Supercel), 
l&Rotary pump, Model 0211, Auther 5. LaPine & Co., 
Chicago, 111. 
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Sternburg and Reams (1952)(activated alumina), Davidow(1950) 
(Celite with EgSOj^), Ordas et al, (1956 ) (Florisil), Jensen 
et al. (1957)(modified Davidow column), and Meyer et al. 
(I960) (Florex) were used with the recommended solvent systems. 
Bann ej; al. (1956) used saponification plus column chroma­
tography to separate endrin from triglycerides and other ani­
mal extractives. Their column consisted of a mixture of 
Florlsil and magnesia-Celite. None of the column chroma­
tography methods completely removed the materials in roach 
extracts which interfered with paper chromatography. 
Third, Menn et _al. (i960) described a system for puri­
fication of very small amounts of insect tissue extracts for 
paper chromatography analysis. Their method consisted 
essentially of spotting and drying a small amount of extract 
on a short piece of chromatography paper. The spot was then 
washed by capillary elution with aeetonitrile to remove aldrin 
and its metabolites and leave behind the interfering materi­
als. An indicator, N, N'-dimethyl-jç>-l-naphthyl azoaniline 
(NDN) in benzene, was applied to the spot before elution. The 
indicator and the insecticide metabolites were eluted con­
currently. This method did not work satisfactorily with the 
larger samples obtained in the present study. 
Recovery of the radioactive materials for both the in 
vivo and in vitro studies was checked by two methods. One 
method compared the anount of radio activity assayed on 
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planchets containing known amounts of standard aldrin solution 
with planchets spotted with known portions of the roach ex­
tract. Thus, for example, the average corrected activity for 
3/il» of 0.05 M standard aldrin solution, the amount injected 
into one roach, was 15,830 cpm. The average corrected ac­
tivity for 1/200 of a total roach extract sample was 1,495 
cpm. For a group of 20 roaches: 
Total radioactivity injected into 20 roaches = 
15,830 x 20 - 366,600 cpm. 
Total radioactivity in roach extract sample = 
1,495 x 200 = 299,000 cpm. 
Per cent recovery = 29^000 x 100 = 9h»h% 
The second method of estimating radioactivity recovered 
consisted of comparing the areas represented by peaks on a 
recorded scan of radioactive chromatograms. These chromato-
grams had been spotted with either a 4 ><-1 • sample of standard 
solution (2 /Al. each of 0.05 M aldrin or dieldrin), or with 
£(50y*l. ) of an entire roach extract sample. These chromato­
grams were prepared and developed together. A full descrip­
tion of the area method of determining relative amounts of 
radioactive metabolites in the roach extracts will be described 
under "Scanning radioactive chromatograms". A smaller re­
covery was shown by this method over that of assaying plan­
chets, because of losses of material during purification. The 
planchet assay method was used to count the radioactivity 
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after extraction, but before purification was begun. A major 
loss of radioactive materials occurred during the process of 
freeze-filterlng, and further loss was probably Incurred dur­
ing manipulations of the filtered roach extract after freeze-
filterlng. 
Paper chromatography methods 
The paper chromatography methods developed by Mitchell 
(1958) for separating certain cyclodiene insecticides were 
used to resolve the chemicals and radioactive roach extracts 
obtained in this study. Modifications of the systems desedbed 
in that publication, as suggested by Mitchell in correspond­
ence, served to produce better defined spots than was possible 
with the original systems. The published methods described 
2-methoxyethanol as the water miscible solvent, but Mitchell 
suggested that dimethylformamide (IMF) be used instead. 
Mineral oil, extra heavy USP grade, was recommended in place 
of soybean oil. 
The paper chromatography developing systems described by 
Mitchell (1958) with his later modifications are as follows. 
Aqueous system: Immobile solvent- dilute 25 ml. 
extra heavy USP mineral oil to 500 ml. with ethyl 
ether and mix. (Be sure to maintain a mineral oil 
concentration of 5$» because a higher concentra­
tion will cause a slowing down of the mobile sol­
vent front advance. Improper separation of the 
materials on the paper chromâtogram will result.) 
Mobile solvent- mix 25 ml. water with 75 ml. DMF 
(Matheson, Coleman, and Bell). 
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Chromogenic reagent: Dissolve 1.7 gm. AgNOj In £ 
ml. water, add 20 ml. 2-phenoxyethanol (practical 
grade, Eastman Organic Chemicals), dilute to 200 
ml. with acetone, add 1 to 5 drops of 30$ HgOg, 
and mix. 
Mitchell stated that he did not know what function the 
2-phenoxyethanol in the chromogenic reagent served, but its 
presence permitted a detection sensitivity of less than 
2 Ag, of insecticide. In the current investigations, 1 yotg. 
of either aldrin or dleldrln appeared as a faint purplish 
spot at the appropriate Rf level. 
In the present study, KC1, NaCl, CaClg, choline 
chloride, acetyl choline-^-methyl chloride, aldrin, isodrin, 
dleldrln, endrin, and aldrin metabolites responded to the 
chromogenic reagent and ultraviolet light treatment to form 
purplish spots. Other materials, for example, impurities 
in the paper, formed deep brown colored areas, 
Aldrin, dleldrln, and other metabolites are probably 
dechlorinated by the action of the chromogenic reagent 
under UV light according to the reaction: 
The Rf values for the chemicals listed above (Table 2) 
were determined on 8 x 8" "Whatman No. 1 chromatography paper. 
At the same time, certain procedures and the method of 
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developing the chromatograms were refined. The 8x8" sheets 
gave a good chromatogram in a short time . In later experi­
ments, after suitable methods had been developed, 1 x 23" 
strips of Whatman No. 1 paper were used. The longer chromato­
grams gave a better separation of the metabolic products 
found in the roach extracts. 
If there are halides in the paper In addition to those 
present in the chemicals for which the Rf values are being 
determined, then spurious colors occur. In order to eliminate 
interfering substances from the paper, the 8 x 8" sheets were 
washed before use by ascending elution with distilled water 
for at least 12 hours. At the end of the washing period the 
sheets were removed from the developing tank and air dried 
24 hours. The paper was handled by the edge which was fas­
tened to the stainless steel hanging rod in order to keep 
finger marks from marring the area of the paper on which the 
chromatogram would be developed. Chromatograms were developed 
by ascending chromatography from the side opposite that edge. 
A base line was marked 1" from the bottom edge of the 
8x8" sheets. One inch intervals were marked along the base 
line beginning 1" from the edge of the paper (Figure 7). This 
procedure gave a total of 7 spotting positions on each sheet. 
The 1" spacing eliminated to a great extent the problem of 
lateral diffusion of the materials spotted on the base line 
into the path of an adjacent material during development of 
Figure 6a, Top view of air-operated, chromatogram 
spotting table showing major dimensions, 
holes over which the treatment area on 
the paper is placed, and the air jets 
Figure 6b. Detailed end view of the air jets 
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Figure 7* Dipping tank used to treat 8x8" paper 
with immobile solvent showing dipping 
technique. Note base line markings on 
paper showing spotting areas 
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the chromatogram. The amount of material spotted on the 8 x 
8" sheets varied from approximately 2 to 20><.1. of solution. 
To permit more rapid application of the extracts to the 
8x8" chromatograms and yet maintain small spots, a spot 
drier was designed that is both easy to use and simple in 
construction (Figure 6a, 6b). It operates on a venturi 
principle with the paper being treated serving as one side 
of the venturi tube. Air from Jets passes under the paper 
at a greater speed than the air above and causes a lower air 
pressure on the underside of the paper. The reduced air 
pressure not only holds the paper in position, but also 
causes a drying action on the applied spot by the under­
current of air. Air "sucked" through the porous paper also 
aids in the drying. The stainless steel base was made large 
enough to support a single 8x8" sheet. 
The dipping tank (Mitchell, 1958)(Figure 7) and develop­
ing tank (Mitchell, 1953)(Figure 8) used for ascending 
chromatography were purchased from a commercial laboratory 
equipment supplier^. The 8x8" sheets were held at the 
base line edge with tweezers or a large, spring-type paper 
clip as they were dipped. Each sheet was then air dried, 
clipped to the hanger rod furnished with the developing tank, 
and hung in the tank for developing. Prior to hanging the 
•^A. H. Thomas Company, Philadelphia, Pennsylvania 
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Figure 8. Developing tank for ascending chromatography. 
One 8x8" sheet is hanging in place 
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paper in the developing tank, mobile solvent (water * BMP) 
had been poured into the bottom of the tank in sufficient 
volume so that the bottom edge (base line side) of the sheets 
were immersed in the solvent approximately 1/8". At the end 
of the developing period, about 3 hours, the paper was removed 
from the tank and air dried. Best results were obtained if 
the chromatograms were allowed to dry thoroughly before ap­
plying the silver nitrate : 2-phenoxyethanol chromogenic 
reagent. This solution was sprayed onto the paper with an 
all-glass atomizer, and the treated paper exposed for 30 
minutes to ultraviolet light from two 15 watt, germicidal 
type, florescent lamps to develop the reactant areas. 
The 1 x 23" strips were developed by descending chroma­
tography in a glass jar 12" in diameter and 24" high. None 
of the 1" strips was washed. The purplish areas representing 
aldrin and dleldrln on the developed chromatograms usually 
showed through the lighter brown shading on the paper that 
was caused by reactions between contaminants and the chromo­
genic reagent. Other metabolites were present in such small 
quantities that any color response was difficult to see even 
on washed paper. Therefore, except for aldrin, and s onetimes 
dleldrln, the radioactivity of an area was used as the sole 
criterion for locating a material on a chromatogram. Enough 
chromatograms had been run to ascertain the reliability of 
radioactivity for this purpose. 
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Each 1" strip was marked uniformly, prior to spotting, 
to locate the spotting area and bend points (for hanging the 
strips In the troughs used for descending chromatography). 
Initially, several 1" strips were spotted at one time on the 
drier designed for use with the 8x8" sheets. The strips 
were placed adjacent to each other on the base. Only one 
material was applied to each l" strip. The aldrin and 
dleldrln standard solutions were chromatographed from small 
circular areas of material In this way. However, when small 
amounts of roach extract were spotted on the l" strips, the 
mobile aqueous solvent tended to move around the treated 
area, in a pincer-like movement, instead of through it. 
Application of the roach extracts in a thin band across 
the 1" strip forced the mobile solvent to pass through the 
extract as the chromatogram developed. The radioactive peaks 
on the recordings of the chromatograms were just as well 
defined, if not more so, as when the original spotting method 
was used. Applying the roach extract across the width of the 
1" strips prevented the use of the 8x8" spot drier described 
previously, because the 3/k" holes on that drier were not 
large enough to permit proper application of the band of 
radioactive extract. Therefore, another drier was construct­
ed, using the venturi principle, solely for 1" strip treat­
ment (Figure 8a, 8b). The strip drier had a 1 x 3/k" hole, 
instead of a 3/V* diameter hole, over which the area to be 
Figure 9a. Spot drier for 1 x 23" strip chromatograms. 
Clip for holding strip, and open side of 
venturi throat are visible at right end of 
drier 
Figure 9b. Spot drier with strip chromatogram in place 
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treated was placed. The larger hole allowed transverse 
application of the extract in a continuous band across the 
1" width of the strip. A 100-/do sample of extract could be 
spotted quite rapidly on this drier. Each strip was treated 
with the immobile solvent (mineral oil in ether) by pulling 
the strip through the solvent under a guide wire, marked 
end first. 
The mobile solvent was placed in the troughs after the 
paper strips were hung in place. At the end of the developing 
period, each strip was dried, sprayed with the chromogenic 
reagent, and exposed to UV light in the same manner as the 
3 x 8" sheets. The 1 x 23" strips of paper took about 10 
hours to develop, but gave excellent separation of the 
metabolic products appearing in the extracts. 
The non-aqueous system of paper chromatography described 
by Mitchell (1958) did not give a good separation of the 
materials tested. Aldrin always moved veiy near to the 
developing front, and some streaking occurred. 
Scanning radioactive chromatograms 
The scanning equipment used for detecting and recording 
radioactive areas on chromatograms developed in these experi­
ments was designed for use with 1" paper strips. It consisted 
of a windowless, gas flow Geiger tube-'-® mounted over a plate 
iSNuclear-Chicago, Model D-lj.7 gas flow Geiger tube. 
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into which a groove had been milled to accommodate the chroma­
tographic strip being scanned. The strip was pulled through 
the scanner, by a drum bearing upon the drive of a recorder^, 
at the same speed the recorder rotated. The strip passed over 
the drum and between the drum and recorder drive. Positive 
drive by friction of the drum mounted on the counter tube 
assembly was assured by tensioning the drum (with rubber 
bands) against the recorder drive. Slit width was varied by 
adjusting a pair of thin, opposed steel plates. 
The ratemeter^O used with the strip scanning equipment 
had its time constants given in values of 0.5, 2, 10, and 
50 seconds. The 50 second time constant, used with the speed 
settings and slit widths described below, gave well-defined, 
fairly sharp peaks even for small areas of low radioactivity. 
If a lower time constant value was used, the average curve 
for a peak was difficult to define because of the irregularity 
of the recorder pen movement. 
On the other hand, with the 50 second time constant, the 
response of the recorder pen was relatively slow to either 
increases or decreases in radioactivity. The net result gave 
recorded peaks somewhat broader than the actual radioactive 
areas on the chromatograms, and also resulted in small saddle-
l^Esterline-Angus, 1 millivolt recorder, Model A. W. 
ZOModel 1620, Nuclear-Chicago Corporation, Des Plaines, 
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shaped areas being marked above background level and between 
peaks outside the areas of radioactivity. 
A study of slit width - speed combinations, using a pre-
«» 
pared tape marked with three radioactive areas, resulted In 
the selection of two settings. A speed of 12" per hour and 
l/2 cm. slit gave very sharp peaks on the strips cut from the 
8x8" sheets. The 1 x 23" strips were scanned at a speed 
of about 23" per hour and 1/2 cm. slit to obtain the best 
recordings 
€ 
The 1 x 23" chromatograms were ready to be scanned as 
completed. The 8x8" chromatograms were cut into 1" strips, 
parallel to the direction of development, in such a manner 
that each spotting area was in the center of a strip. Several 
1" strips of either size chromatogram were then fastened end 
to end to form a continuous tape for scanning. Small crystals 
of radioactive dleldrln, taped onto short, blank 1" paper 
strips, were incorporated into the tape as it was assembled. 
These radioactive crystals, Inserted at regular intervals, 
served as markers to aid in the proper alignment of the active 
areas on the chromatographic strips with the recordings of the 
radioactivity. After proper alignment, the location of the 
base line and the mobile solvent frcmt on a chromatogram was 
marked on the recording of that chromatogram. Both Rf values 
and metabolite Information were obtained from such a record­
ing. 
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Each radioactive material on a developed chromatogram 
was recorded as a peak with the area enclosed by such a peak 
being proportional to the radioactivity recorded. Peak areas 
were delimited for measurement by marking a line across the 
base of the peaks for the length of a recording at the ap­
proximate level of the background radioactivity. The areas 
were further limited by drawing lines tangential to the 
steepest ascending and descending portions of each curve down 
to the background level. The sum of the areas so outlined 
were taken to represent 100$ of the applied radioactivity. 
Since each peak on a recording represented the radioactivity 
of an area on a chromatogram, the relative amount of material 
on that area as compared with 100$ of the applied radioactiv­
ity could be computed. 
Each time a set of chromatograms spotted with roach ex­
tracts was developed, a chromatogram spotted with 4/<l. of 
0.05 M standard aldrin solution (labelled with the same iso­
tope as the roach extract) was also developed. A chromatogram 
spotted with roach extract contained l/l| of the total extract 
from 10 roaches, each of which was injected with 3/<!• of 
0.05 M standard aldrin solution. Thus, the roach extract 
contained 1 /\ of the radioactivity represented by 30/4-1. of 
0.05 M standard aldrin solution. A sample calculation of 
the percentage recovery of radioactive materials follows. The 
areas of the peaks were measured with a planimeter recording 
U9 
in square inches. 
Total peak area on 
chromâtograms of 
Standard solution = 9.2 in.2 for I4. xl. of 0.05 
M. solution 
Roach extracts = 13.8 in.2 for 1 /l\. of extract 
sample 
= 55.1 in.2 for 30^1. of 0.05 
M solution 
The equivalent area represented by the proportion of roach 
extract containing I4.yxl. of 0.05 M aldrin (computed) is: 
p 
Equivalent area = 7.U- in. 
Per cent recovery = 2^ x 100 = 80.3$ 
Bull jet al. (19^4-9), Redfield and Guzman Barron (1952), and 
Lindquist and Dahm (1956) computed the recovery of radioactive 
substances in a similar manner. Results accurate to about 
are obtained. 
Results and Discussion 
Two metabolites of aldrin were detected in the roach 
extracts : dieldrin and metabolite K, subsequently identified 
as a ketone (Figure 10). These metabolites were indicated 
by net radioactivity after correction of data for impuri­
ties in the standard aldrin solutions (Figure 11). 
Parallel experiments (Tests A and B) with aldrin-Cl3o and 
Figure 10. Schematic representation of radioactive 
peaks recorded from paper chromatograma 
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fortified aldrin-C^- injected roaches gave similar results. 
Heretofore, only dieldrin had been reported as a metabolite 
of aldrin. 
In addition, the data show that metabolite K was 
present in greater quantities than dieldrin for any given 
time interval after treatment of the roaches. The data also 
Illustrated that more aldrin-C^" was converted to dieldrin 
and metabolite K than in the chlorine-36 experiments (Figure 
11). These latter differences in conversion may show that 
some dechlorination is involved in the metabolism of aldrin. 
The methylene bridge chlorines of aldrin and dieldrin are 
especially labile, and only these chlorines could be affected. 
Solutions of KC1, NaCl, CaClg, choline chloride, and 
acetylcholine-6-methyl chloride, equimolar in chlorine con­
centration with the standard aldrin solutions, were chroma -
tographed to obtain examples of Rf value s for representative 
inorganic and simple organic salts (Table 2). No conclusions 
were reached concerning identification of an inorganic 
chloride. 
Test C (low aldrin dose) indicated that about %0fo of the 
2y«g. of aldrin injected was converted to dieldrin. None of 
metabolite K was detected at levels above that found in the 
standard aldrin solution. Thus, it would appear that the 
formation of metabolite K depends upon a higher dosage of 
aldrin than was used in these experiments. 
Table 2. Rf values of representative chlorides, selected 
cyclodlene compounds, and the impurities found 
in standard aldrin solutions 
Chlorides 
KC1 - - 0.57 
NaCl - - 0.73 
CaCl2 - 0.83 
Choline chloride- ----- 0.90 
Acetyl choline-^-methyl 
chloride— — — — — — — — — - 0.92 
Cyclodlene compounds 
Aldrin- 0.26 
I s o d r i n  - - - - - - - - - -  0 . 3 5  
Metabolite K- ------- 0.35 
E n d r i n -  - - - - - - - - - - 0 . 6 0  
D i e l d r l n -  - - - - - - - - -  0 . 6 2  
Dieldrin ketone ------ 0.80 
Aldrin lmpurltle s 
I 0.11 
II 0.72 
III 0.85 
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Analyses of radioactive aldrin, a pooled sample of 
chlorine-36 roach extract, a pooled sample of carbon-II4. 
extract; and non-radioactive recrystallized samples of 
aldrin, isodrin, dieldrin, and endrin by infrared spectro­
photometry gave the following results. The stereoisomers 
aldrin and isodrin had nearly identical spectra, as did 
dieldrin and endrin. The spectra obtained agreed with those 
o b t a i n e d  b y  o t h e r  i n v e s t i g a t o r s  ( s e e  B l i n n  e _ t  a l . ,  i 9 6 0 ) .  
The infrared analyses of aldrin and dieldrln (as ex­
tracted from sections of chromatograma containing the respec­
tive materials) gave clear spectra of both chemicals, identi­
fiable by their characteristic absorbance bands. The spectra 
of metabolite K (similarly extracted) and the pooled radioac­
tive extracts showed a new absorbance band at 5*72 microns in 
addition to most of the other bands recorded on the spectrum 
of aldrin. This band corresponded to one recorded on an 
infrared spectrum of cyclopentanone. 
A sample of pure dieldrin ketone21(VII), upon spectropho­
tometry analysis, gave the same band of absorbance as did the 
extracts and cyclopentanone. There were also at least 6 other 
bands of absorbance common to dieldrin ketone and metabolite 
K. However, determination of the Rf value (Table 2) for pure 
dieldrln ketone did not give the same Rf value as obtained for 
^Synthesized by Shell Chemical Company. 
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metabolite K. Therefore, identification of dieldrin ketone 
with metabolite K is provisional. 
A comparison of the data recorded (Table 3) from the 
chromatographic analysis of the standard solutions shows that 
there is a difference in the relative amounts of impurities in 
freshly prepared and "old" solutions. The compound designated 
as metabolite K in the roach extracts also appears as an im­
purity in the standard solutions. The other impurities in the 
standard solutions are identified by Roman numerals I, II, and 
III. From an examination of Table 3# 11 appears that I and K 
could be products of aldrin; K also appears to be a product 
of dieldrin. About 3>»S% of product III was present in aldrin-
Cl3&, but none was present in aldrin-C^. This product may 
be an inorganic chloride. 
Consideration of the possible reactions which aldrin or 
dieldrin could undergo (Figure 12) shows that dieldrin ketone 
could be formed from either aldrin or dieldrin. This informa­
tion agrees with the data obtained from chromatography of the 
standard solutions. 
Davidow and Radomskl (1953a), in a paper concerning 
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Table 3. Radiochemical purity of aldrin and dieldrln as 
determined by paper chromatography. Quantities 
are given as per cent of total radioactivity 
Chlorlne-36 labelled aldrin and dieldrin 
Insecticide I Aldrin K Dieldrin II III 
Aldrin-olda 78.8 2.9 2.3 3.8 
Aldrln-freshb 1.2 92.1|. 0.8 1.0 1.6 3.1 
Dieldrin-olda 1.7 I4. . 6  81.9 1.1 3.5 
Dieldrin-freshb 0 0.7 2.6 92.0 1.6 3.0 
Carbon-llj. labelled aldrin and dieldrin 
Insecticide I Aldrin K Dieldrin II III 
Aldrin 8j£ 73.8 8^0 7.0 3.2 0 
Dieldrin 0 0 8A 91.6 0 0 
a01d = solution mixed about L|_ weeks before chromato­
graphy. 
bPresh = solution prepared just before spotting on 
chromatograma. 
heptachlor epoxide, advanced the theory that the mechanism 
of hydroxylatlon, which serves a role in the detoxication of 
certain aromatic compounds, could be explained by epoxidation 
reactions. That is, an epoxide is fonned at a reactive 
double bond, followed by hydrolyzatlon of the epoxide to a 
diol; the diol then being dehydrolyzed to form a "phenol". 
Figure 12. Possible routes of aldrin metabolism 
yield dieldrin and dieldrin-ketone 
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The present data support the epoxidation intermediate theory 
of hydroxylation proposed by these authors in that a ketone 
is formed from the epoxide. However, the term phenol, as 
used by these authors, is a misnomer. A phenol is a 
hydroxybenzene, or its derivative. The keto cm figurât ion 
of a phenol is a phenone. The keto form of aldrin or hepta-
chlor does not fit with this definition since both of these 
materials are double ring structures. The ketone configura­
tion of aldrin would be called a naphthone; of heptachlor, 
an indenone. A more general tern than "phenol" would be 
"enol" or "ketone". 
Ketones are generally highly soluble in lipoidal materi­
als. Throughout this Investigation, it has been consistently 
noted that the radioactive materials, as extracted from roach­
es, were always closely associated with lipoid substances. 
Separation of the radioactive products and the lipoid materi­
als was unsuccessful in most instances as shown by paper 
chromatography or the presence of an oily residue even after 
attempted purification. When radioactive aldrin and dieldrin 
were added to extracts obtained from untreated roaches and 
chromatographed without further preparation, the aldrin and 
dieldrin partitioned on the chromatogram just as easily as 
if no roach extract were present. Thus, it would seem that 
the interfering action of the lipoidal substances resulted 
from some type of "bound" condition between the insecticides 
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and the lipoids. The nature of the "bound" condition is not 
known. 
Dieldrin is formed quite rapidly from aldrin, in vivo. 
All data accrued indicate that the epoxidation reaction is 
more likely a direct step resulting from biological 
oxidases (Figure 13). Epoxidation would be less likely to 
occur in steps as the result of an action by a specific 
enzyme system of seme other type. 
Data for the in vitro incubations were obtained from the 
average of ^ incubations for each"combination (Table k) • 
These data have been corrected for the materials found in 
incubation blanks containing only standard aldrin solution 
and water. Only those net changes in the products of incuba­
tion amounting to or more were assumed to be significant. 
Since the average Rf values are the same, it is also assumed 
that I, II, and III are the same products in both the standard 
aldrin solutions and the incubation mixtures. Apparently some 
metabolite K is formed in the FMN incubation mixture. 
DPN+ + peroxidase and peroxidase alone caused the highest 
conversion of aldrin to dieldrln (Table Ij.). DPN+ incubations 
produced less than half as much dieldrln from aldrin-Cl^ as 
did the previous two mixtures. On the other hand, the mix­
tures containing aldrin-C^ and DPN* + peroxidase formed 
nearly twice as much dieldrin as did either the nucleotide or 
enzyme alone. DPN* and peroxidase combinations with 
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Table 1|. Average of new changes in the products of roach 
tissue incubations amounting to 5$ or more. 
Values are given in per cent of net radioactivity. 
Aldrin accounts for nearly all of the remaining 
radioactivity NOT shown* 
Incubation Aldrin-Cl36 
incubation 
Aldrin-G^-
incub ation 
variable K Dieldrin "TIT K Dieldrin III 
DPN+ + 
peroxidase 21 10 11 ' 
-
DPN+ 6 6 5 -
peroxidase 20 9 6 -
DPN+ + FAD 
TPNH + FMN 
TPNH 
FMN 
HgOg 
^Impurities I and II were not included in the table, 
because less than change in concentration was noted for 
these materials. 
aldrin-Cl^ resulted in the formation of approximately equal 
quantities of product III. 
Not one aldrln-C^ incubation resulted in any apparently 
significant production of III. These results support the 
theory that III is an inorganic chloride as shown by the 
differences on chromatograms of aldrin-C^ and aldrin-Cl36. 
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Incubation mixtures containing all materials except the 
roach tissues showed that TPNH + FMN or FMN only aided in the 
formation of dieldrin under these conditions. These two 
incubations were the only no tissue mixtures that showed a 
net conversion of aldrin. 
None of the nucleotides used in the incubation mixtures 
gave a strong indication as to their effectiveness in the 
epoxidation reaction. DPN+ did have seme effect on the 
metabolism of aldrin in these incubations. Peroxidase ap­
peared to be the most important factor tested in the incuba­
tion study. This information supports the theory that a 
peroxidase-hydrogen peroxide system may be involved in the 
epoxidation reaction. 
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SUMMARY 
Data on the conversion of aldrin to dieldrin and other 
aldrin metabolites, jLn vivo; and the effect of selected nucle­
otides and an enzyme, peroxidase (horseradish), on the epoxi­
dation of aldrin, In vitro, were obtained. It is known that 
aldrin is converted to its epoxide, dieldrln, in plants and 
animals. However, the mechanism and locus of this epoxidation 
are unknown. 
Both carbon-llj. and chlorine-36 labelled aldrin and diel­
drin 0.05 M standard solutions were used. The use of radioac­
tive insecticides, in conjunction with paper chromatography 
and radiotracer equipment, greatly aided in the detection of 
aldrin and its metabolites. 
Two metabolites of aldrin were detected in the roach ex­
tracts: dieldrin and a ketone (metabolite K). Heretofore, 
only dieldrin had been reported as a metabolite of aldrin. 
Dieldrln ketone will not give a color reaction with the 
phenyl-azide method used for dieldrin. Provisional identifi­
cation of dieldrin ketone with metabolite K was shown as 
follows. A new band of absorbance on the infrared spectrum 
for metabolic product K (as extracted from sections of paper 
chromâtograms containing the material) suggested that product 
K mlgjit contain a 5-carbon ring ketone. An Infrared spectrum 
of cyclopentanone confirmed the new band of absorbance, at 
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5.72 microns, as representing a 5-carbon ring ketone. An 
infrared spectrum was determined for a synthesized, pure 
sample of dieldrin ketone. The resulting curve agreed with 
that for metabolic product K. However, the Rf value for the 
provided sample of dieldrin ketone did not agree with that 
obtained for metabolite K. The difference could be a reflec­
tion of the number of chlorine atoms per molecule of 
metabolite K or dieldrin ketone. 
The formation of an inorganic chloride is indicated by 
apparent dechlorination of aldrin and its metabolites in the 
roach; the presence of product III in aldrln-Cl^^ standard 
solutions, and its absence in aldrin-C-^ standard solutions ; 
and the formation of significant amounts of III in peroxidase 
and DPN+ incubation mixture s containing aldrin-Cl36f but not 
in mixtures containing aldrin-C^. The methylene bridge 
chlorines are especially labile, and could be one of the 
reactive sites on the aldrin, dieldrin, or dieldrin ketone 
molecule. Another reactive site is obviously the double 
bond where the epoxide or ketone is formed. Thus, the 
chlorinated methylene bridge and the double bond or epoxide 
group on the other half of the molecule are probably the 
sites of enzymic reaction. 
Davidow and Radomski ( 1953a) advanced the theory that the 
mechanism of hydroxylation could be explained by an epoxide 
intermediate. The present data support the epoxide inter-
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